SUMMARY The upper limbs of 10 healthy subjects were cooled and then warmed over physiological temperature ranges. The compound action potentials of median digital nerves, median sensory nerve at the wrist, radial sensory nerve at the wrist, and median thenar muscle, all showed progressive reduction in latency, amplitude, duration and area during rising temperature. Our tude, needle electrodes were used for recording, and there was concern that the equivocal results may have been due to inadvertent movement of the tip of the needle during the experiment.5 7 Surface electrodes, although recording lower voltage potentials, remain at an almost constant distance from the nerve, tending to eliminate this source of error. We therefore used surface electrodes in studying the effect of altering limb temperature, within physiological ranges, on the latency, amplitude, duration, and area of the CAP. Antidromic and orthodromic radial sensory conduction studies were performed in 10 healthy subjects.
A decrease in the conduction velocity and an increase in the distal latency of human peripheral nerves are well documented electrophysiological signs of neuropathy. However, when axonal degeneration predominates and segmental demyelination is minimal, these values are relatively unaltered, and the main effect is reduction in sensory nerve' and muscle2 compound action potential (CAP) amplitude. Unfortunately, many factors, both technical and physiological, affect this amplitude. As a result, the coefficient of variation (the standard deviation as a percentage of the mean) of the CAP amplitude in control groups approaches 60%.3 Even serial tests in a single, control person show a variation of 20% to 30% for sensory CAPs using needle electrodes,4 and 15% using surface electrodes (Bolton, CF; unpublished data).
Many of the factors contributing to CAP amplitude variation in healthy persons have been defined for needle and surface electrodes.5 6 Limb temperature may be an important variable that needs further definition. In two previous investigations of the effect of temperature on CAP ampli- tude, needle electrodes were used for recording, and there was concern that the equivocal results may have been due to inadvertent movement of the tip of the needle during the experiment.5 7 Surface electrodes, although recording lower voltage potentials, remain at an almost constant distance from the nerve, tending to eliminate this source of error. We therefore used surface electrodes in studying the effect of altering limb temperature, within physiological ranges, on the latency, amplitude, duration, and area of the CAP. Antidromic and orthodromic radial sensory conduction studies were performed in 10 healthy subjects.
Methods
The subjects were 23 to 31 years old, six males and four females. In each subject the temperature of the right hand and forearm was lowered by the application of icepacks. All subsequent studies were performed at 15 minute intervals while the limb gradually warmed over approximately two hours. In some subjects, warming was enhanced by the breeze from an electric hair-dryer. Cutaneous surface temperature was monitored at the proximal part of the second digit, centre of the palm and the mid-flexor surface of the forearm immediately after each nerve conduction study.
One pair of recording and reference Beckman miniature electrodes were placed 3 cm apart over the superficial radial nerve at the wrist, and a second pair was placed over the median nerve at the wrist. Record-C F Bolton, G M Sawa, and K Carte) ing and reference Teca ring electrodes were placed 3 cm apart on the second digit, the recording electrode overlying the proximal crease. At each nerve conduction study, the radial nerve was stimulated in the forearm through a Disa stimulating probe, electrodes fig 1) the only exceptions being the CAP amplitudes of the median sensory nerve at the wrist (table 3) .
Conduction velocity rose at a mean rate of between 1b64 to 2-31 m/OC for the motor and sensory nerves (table 2). CAPs simultaneously on separate oscilloscope channels, using the same stimulus.
'een the amplitude of the The CAP amplitudes of the median digital ?irves of the index finger nerves and the radial sensory nerve at the wrist ?cutaneous surface of both fell markedly, but the fall was much less for t.
CAP amplitude of the median sensory nerve at the wrist and thenar muscle. The CAP duration change was greatest for the thenar muscle, and -ies of median digital much less for the three sensory nerves. ie median sensory nerve
Since the combined effect of increase in tem-;howed a decrease which perature was a reduction in both CAP amplitude ical (table 3) . However, and duration, changes in CAP area were marked.
CAP of the median The CAP area decreased approximately 10%/°C ted with palm tempera-for radial sensory nerve, 5% for median digital nperature as shown in nerves, and 3% for the median sensory nerve at ase of the latency was the wrist and median thenar muscle (table 3) . P of the median sensory In antidromic sensory conduction, the CAPs of the absolute values for median digital nerves were recorded on stimulation mic and orthodromic of the median nerve at the wrist, elbow and upper n were the same, con-arm (fig 2) . (In orthodromic median sensory connfalk's5 earlier finding. duction, CAPs cannot usually be recorded ted since the sites and proximal to the wrist using surface electrodes, lating and recording without utilising averaging techniques. In radial :r each subject, except nerve antidromic sensory conduction, we arbi- We monitored temperature from the cutaneous surface. The superficial radial and median digital nerves lie superficial to the deep fascia, close to the cutaneous surface. Temperature at this site is governed by the sweat and blood flow regulated by cutaneous sympathetic fibres.8 As a result, the surface cutaneous temperature is only approximately 1°C less than the tissue temperature near these nerves.49 However, the median nerve proximal to the digits lies beneath the deep fascia and, in this part of its course, probably does not follow as closely the cutaneous surface temperature. Nonetheless, there was, in individual subjects, an excellent correlation between cutaneous surface temperature at each of the three sites and the various nerve conduction measurements. The excellent correlation included conduction velocities from the deeper segments of the median nerve, our results being similar to other studies in which subcutaneous or intramuscular temperature was monitored.5 [10] [11] [12] Moreover, we found that the distal latency of the thenar CAP changed 026 ms/°C, a rate similar to that recorded by Carpendale, who recorded temperature from within the thenar muscle. '3 Striking changes in CAP latency, amplitude, duration and area occurred, all of these values showing a negative linear correlation with temperature, that is all decreased as temperature rose. The magnitude of these changes varied considerably between individuals. However, the correlation for each of these values was statistically significant in at least one subject, the only exceptions being the CAP amplitudes of the median sensory nerve at the wrist.
The amplitude fall with rise in temperature for the median sensory nerve at the wrist recorded orthodromically was small, and similar to that reported by Ludin and Beyeler7 for the temperature range 26-360C. They used needle electrodes for recording and found a puzzling rise in amplitude as temperature increased from 22-260C. In an earlier study, Buchthal and Rosenfalk5 found no consistent change in this amplitude, a result they attributed to inadvertent movement of the needle electrode during the experiment. The somewhat equivocal change in the amplitude of the median CAP at the wrist recorded orthodromically contrasts with the marked fall in CAP amplitude in both the median digital nerves and the radial sensory nerve at the wrist recorded antidromically. Hlavova et all4 had previously noted this contrasting result between median nerve orthodromic and antidromic conduction. The reasons are open to speculation: (1) there may be differences between orthodromic and antidromic conduction that have yet to be defined, (2) the nerves of the cutaneous and subcutaneous tissue may be particularly sensitive to temperature change. They lie beneath the recording electrodes and may have been activated in median and radial nerve antidromic conduction and such activation may have contributed to the CAP, whereas nerves of this tissue beneath the electrode at the wrist in orthodromic median conduction arise from the palmar cutaneous branch of the median nerve and were presumably not activated, (3) fibres (fig 2) ; the reduction in area and relatively less increase in duration likely occurs because the CAP becomes so dispersed that electrical activity from some of the fibres is unrecordable. With rising temperature, there was a further reduction in area, amplitude and, to a lesser extent, duration on more proximal stimulation (figs 2, 4), indicating more rapid conduction in larger myelinated fibres relative to smaller myelinated fibres tended to disperse the CAP. However, this effect was mild, suggesting again that the effect of temperature on the action potential of single myelinated fibres is predominant, the summated effect strongly influencing CAP area, amplitude and duration.
Interpretation of the changes in thenar muscle CAP are particularly complicated and involve not only a consideration of neural events, but of events at the neuromuscular junction and muscle membrane; such considerations are beyond the scope of this discussion. Briefly, however, a mild fall in the amplitude of the thenar muscle CAP with rising temperature occurred in a few subjects in our study. Ricker et al24 showed a greater fall, which they attributed to changes in muscle cell membrane. They also showed that the twitch force increased, presumably a temperature effect on the contractile apparatus. These 
